Cable-Driven Parallel Robots (CDPR) operate over a large positional workspace and a relatively large orientation workspace. In the present work, the expansion of the orientation Wrench Feasible Workspace (WFW) in a planar four-cable passive reconfigurable parallel robot with three degrees of freedom was determined. To this end, we proposed a circular-geometry effector mechanism, whose structure allows automatic mobility of the two anchor points of the cables supporting the End Effector (EE). The WFW of the proposed circular structure robot was compared with that of a traditional robot with a rectangular geometry and fixed anchor points. Considering the feasible geometric and tension forces on the cables, the generated workspace volume of the robot was demonstrated in an analysis-by-intervals. The results were validated by simulating the orientation movements of the robot in ADAMS software and a real experimental test was developed for a hypothetical case. The proposed design significantly expanded the orientation workspace of the robot. The remaining limitation is the segment of the travel space in which the mobile connection points can slide. Overcoming this limitation would enable the maximum rotation of the EE.
Introduction
The workspace restricts the controller actions and mechanical movements of a robot, avoiding collisions between the various robot components and between the robot and its work environment. Therefore, determining and analyzing the workspace are essential components of robotics research [1] .
Cable-driven parallel robots (CDPRs) have been recently deployed in industrial applications and rehabilitation programs for ill people. Merlet and Daney [2] proposed a fully autonomous portable mechanism for rescue operations. Various rehabilitation robots [3] [4] [5] [6] rely on the correct orientation of the robot. Other examples can be found in space exploration, which is an environment where the manual setup of cable robots by human operators is typically not possible [7, 8] .
Most parallel robots are redundant, that is, the number of cables exceeds the number of degrees of freedom (DoF). Mathematical models of parallel robots can be solved using various techniques, which are broadly divisible into linear [9] and nonlinear programming. The workspace can be determined by analytical solutions and analysis-by-intervals [10] [11] [12] . However, when obtaining the wrench-feasible workspace (WFW) in a redundant system, these techniques incur a long calculation time [10] .
The tensions exerted by the cables must also be limited in parallel robots. The authors of Reference [13] calculated the variables of interest for sizing the mechanical components of a robot prior 2 of 20 to its construction. The authors of References [14, 15] investigated the mechanical characteristics of polymer and elastic active cables in parallel robots, respectively. Although these cables can expand the workspace of the robot, they reduce the positioning accuracy of the EE.
The workspace of a parallel robot is diminished when the cables collide with the structure of the EE. Wang et al. [16] determined the workspace of a planar robot with collision and object avoidance in an algorithm that scans the cables and computes the range of the allowed movements.
As parallel robots are engaged in multiple applications, improving their performance by optimizing their geometric characteristics and dimensions of their forces is essential. In Reference [17] , the orientation workspace was increased by mobilizing the support bases of the cables in the robot configuration. Rodriguez-Barroso et al. [18] adapted the robot's workspace to different tasks by reconfiguring the EE. Duan et al. [19] incorporated springs in the robot's structure and analyzed their effects on the workspace. They reported that the gained WFW depends on the design parameters. Noting that most CDPR studies assume a fixed structure of the cable links, Gagliardini et al. [20] designed reconfigurable anchor points based on the desired trajectory, their design is called reconfigurable CDPR. Barbazza et al. [21] proposed a reconfigurable end-effector for industrial operations where cables are reconfigured in each stage to avoid collisions and a planned trajectory to minimize reconfiguration times. Nguyen et al. [22] studied a larger reconfigurable robot for transporting personnel in an airplane maintenance shop, taking into consideration the top limit of displacement of the mobile platform and the increase of energy usage due to the tensions on the cables. Pott et al. [23] suggested a method to determine the space taken by the cables when the robot is moving, considering that the cable trajectory takes the form of a cone. In References [24, 25] the authors analyzed several typical configurations of a modular reconfigurable cable-driven parallel robot. Finally, in Reference [26] the author presented a study of the advantages of reconfigurable platforms in parallel robots and suggested a new method for dealing with the constrains in the kinematic coupling of limbs.
To develop the existing research on a reconfigurable CDPR workspace expansion, this article proposes a novel end-effector mechanism that allows an automatic or passive reconfiguration. Three cases are analyzed: One using a classical rectangular EE, and two using the proposed circular EE. This work addresses a kinematic and geometric analysis, leaving the dynamic analysis for future work.
Description of End Effectors
Despite the wide-range research on the applications and WFW analysis of CDPRs, the orientation workspace has been less well studied than the positional workspace. The present study determines the orientation workspace of a 3-DoF reconfigurable passive planar CDPR due to its circular-geometry mechanism of the EE with freely movable anchor points.
The workspace of the reconfigurable passive planar CDPR in a vertical plane is analyzed for end effectors with classical rectangular geometry and the proposed with circular geometry, leading to the following different cases:
1.
Case 1: A four-cable planar CDPR with 3-DoF and an EE with rectangular geometry where cables are attached at fixed anchor points on the EE. In this configuration, the cables cannot collide with the EE during a rotation, so the only forces acting on the cables are tension forces. Figure 1 shows the EE with the classical rectangular geometry, where the measurements of the mobile structure are:
• H = 0.2 m and b = 0.3 m, respectively. • W = 50 N, is the weight of the EE.
Case 2:
A passive reconfigurable four-cable planar CDPR with 3-DoF and an EE with circular geometry where cable-connection points supporting the robot can move freely around the circular periphery mechanism, so the orienting effect is linked only to the two fixed anchored cables at the lower side. In Figure 2 , the geometry of this EE is depicted, where its physical dimensions are:
• The radius of the EE r_e f is 0.15 m.
•
The segment of the circular periphery of the upper cable support guide S is delimited by the product of 2·β.
The angle of the bottom anchor points respect to the horizontal axis is denoted as γ.
The center-of-mass displacement is given by dcm.
It must be noted that to avoid collisions between lower cables (B3-A4 and B4-A3) the anchor points are placed in opposite faces of the EE.
3.
Case 3: The workspace conditions are those of case 2, but the cable-connection points supporting the robot can move through a restricted segment of the circular periphery mechanism. This segment is delimited by a specified angle. 
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A passive reconfigurable four-cable planar CDPR with 3-DoF and an EE with circular geometry where cable-connection points supporting the robot can move freely around the circular periphery mechanism, so the orienting effect is linked only to the two fixed anchored cables at the lower side. In Figure 2 , the geometry of this EE is depicted, where its physical dimensions are: •
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Methodology and Experimentation
The robot's workspace is determined by the method of analysis-by-intervals. The feasibility that one or more system solutions will allow the positioning and orienting of the robot in each interval is determined by linear programming. The function to be minimized is tied to a group of restrictions, which are analyzed in the next section. These considerations were implemented using MATLAB, whose computational process is shown in Figure 3 . 
The robot's workspace is determined by the method of analysis-by-intervals. The feasibility that one or more system solutions will allow the positioning and orienting of the robot in each interval is determined by linear programming. The function to be minimized is tied to a group of restrictions, which are analyzed in the next section. These considerations were implemented using MATLAB, whose computational process is shown in Figure 3 . Figure 4 shows the mechanical structure, cable disposition, and links to the fixed points and the moving platform in case 1. The nomenclature in this case is listed below:
Case 1
• H is the height of the anchor points for the cables 2.2 m, and B defines the distance between the poles 3 m. • Tmax = 200 N, is the maximum tension on the cables.
Hence, (Xo, Yo) and (Xm, Ym) represent the coordinates of the fixed and mobile platforms, respectively. Figure 4 shows the mechanical structure, cable disposition, and links to the fixed points and the moving platform in case 1. The nomenclature in this case is listed below:
• H is the height of the anchor points for the cables 2.2 m, and B defines the distance between the poles 3 m. The mobile platform of the robot can travel a distance Px on the x axis and a distance Py on the y axis and can rotate through angle θ around the axis perpendicular to the xy plane, as shown in Figure 5 . The mobile platform of the robot can travel a distance Px on the x axis and a distance Py on the y axis and can rotate through angle θ around the axis perpendicular to the xy plane, as shown in Figure 5 . In the absence of rotation, the workspace of the robot can be the surface delimited by points A1, A2, A3, and A4 of Figure 5 . The maximum allowable rotation angles of the platform are investigated here. 
In the analysis, the forces on the cables are considered as tension forces because cables cannot exert push forces. Therefore, the tension and momentum equilibria in the cables are calculated using Equations (1) and (2), respectively. The vector representations are shown in Figure 6 .
If the robot is positioned such that all cables can have tension components along both axes (see Figure 7 ), the analysis imposes a maximum tension Tmax on the cable. In this case, one can determine the positional workspace limits of the robot on the plane. In the absence of rotation, the workspace of the robot can be the surface delimited by points A1, A2, A3, and A4 of Figure 5 . The maximum allowable rotation angles of the platform are investigated here.
In the analysis, the forces on the cables are considered as tension forces because cables cannot exert push forces. Therefore, the tension and momentum equilibria in the cables are calculated using Equations (1) and (2), respectively. The vector representations are shown in Figure 6 . The mobile platform of the robot can travel a distance Px on the x axis and a distance Py on the y axis and can rotate through angle θ around the axis perpendicular to the xy plane, as shown in Figure 5 . In the absence of rotation, the workspace of the robot can be the surface delimited by points A1, A2, A3, and A4 of Figure 5 . The maximum allowable rotation angles of the platform are investigated here. 
If the robot is positioned such that all cables can have tension components along both axes (see Figure 7 ), the analysis imposes a maximum tension Tmax on the cable. In this case, one can determine the positional workspace limits of the robot on the plane. If the robot is positioned such that all cables can have tension components along both axes (see Figure 7 ), the analysis imposes a maximum tension Tmax on the cable. In this case, one can determine the positional workspace limits of the robot on the plane. Applying Equations (1) and (2), and considering the forces on the x and y axes and the momentum along the rotation axis perpendicular to the plane, the tension balance equations are given by the following:
For forces on the x axis:
For forces on the y axis:
Here, Wms represents the weight of the mobile structure, assumed to be concentrated on its centroid.
Momentum analysis: Figure 8 adds the Ri vectors extending from the centroid to the points of each applicate tension, where i goes from 1 to 4. The analysis is given by Equation (5), which executes the cross product between corresponding R and T vectors. Applying Equations (1) and (2), and considering the forces on the x and y axes and the momentum along the rotation axis perpendicular to the plane, the tension balance equations are given by the following:
Momentum analysis: Figure 8 adds the Ri vectors extending from the centroid to the points of each applicate tension, where i goes from 1 to 4. Applying Equations (1) and (2), and considering the forces on the x and y axes and the momentum along the rotation axis perpendicular to the plane, the tension balance equations are given by the following:
Momentum analysis: Figure 8 adds the Ri vectors extending from the centroid to the points of each applicate tension, where i goes from 1 to 4. The analysis is given by Equation (5), which executes the cross product between corresponding R and T vectors. The analysis is given by Equation (5), which executes the cross product between corresponding R and T vectors.
Finally, inequality (6) is introduced, which restricts the tension between zero and its maximum, considering that a cable cannot provide negative tension and that surpassing the maximum tension could lead to a cable break.
The robot's workspace is determined by the method shown in Figure 3 , where restriction given by Equations (3)-(5), and by inequality (6) are taken into account.
In this scenario, Figure 9 shows the volume that represents the orientation workspace of the robot over the entire positioning space. The axis on this figure are denoted as follow:
• "Width B" represents the base of the robot on Figure 5 , and its scale corresponds to the number of intervals (15) in which it was segmented. • "Height H" represents the height of the robot on Figure 5 , and its scale corresponds to the number of intervals (15) in which it was segmented. • "Max. Angle (degrees)" represents the maximum angle that the robot can rotate for each interval of analysis. In Figure 9a a top view with the positive rotation angles is shown, while Figure 9b shows the bottom view with the negative rotation angles. 
The robot's workspace is determined by the method shown in Figure 3 , where restriction given by Equations (3), (4), and (5), and by inequality (6) are taken into account.
• "Width B" represents the base of the robot on Figure 5 , and its scale corresponds to the number of intervals (15) in which it was segmented. • "Height H" represents the height of the robot on Figure 5 , and its scale corresponds to the number of intervals (15) in which it was segmented. • "Max. Angle (degrees)" represents the maximum angle that the robot can rotate for each interval of analysis. In Figure 9a a top view with the positive rotation angles is shown, while Figure 9b shows the bottom view with the negative rotation angles.
(a) 
Case 2
The variant respect to Case 1 replaces the EE of rectangular geometry with the EE of circular geometry shown in Figure 2 . Figure 10 shows the cable layout and the links to the fixed and moving points of the platform. The associated forces are shown in Figure 11 . For a more general analysis, the center-of-mass of the EE is assumed to be displaced by dcm from the centroid. 
The variant respect to Case 1 replaces the EE of rectangular geometry with the EE of circular geometry shown in Figure 2 . Figure 10 shows the cable layout and the links to the fixed and moving points of the platform. The associated forces are shown in Figure 11 . For a more general analysis, the center-of-mass of the EE is assumed to be displaced by dcm from the centroid. The platform can be moved to and oriented at different points, as shown in Figures 13-15 . As described in case 1, the fixed and mobile coordinate systems are denoted as (Xo, Yo) and (Xm, Ym), respectively. The horizontal and vertical movements of the mobile platform are specified as Px and Py, respectively. The effector is oriented through angle θ around the axis perpendicular to the xy plane, as shown in Figure 12 . The platform can be moved to and oriented at different points, as shown in Figures 13-15 . The platform can be moved to and oriented at different points, as shown in Figures 13-15 . As described in case 1, the fixed and mobile coordinate systems are denoted as (Xo, Yo) and (Xm, Ym), respectively. The horizontal and vertical movements of the mobile platform are specified as Px and Py, respectively. The effector is oriented through angle θ around the axis perpendicular to the xy plane, as shown in Figure 12 . The platform can be moved to and oriented at different points, as shown in Figures 13-15 . In this case, the system of equations describing the motion and rotational equilibrium must consider the forces acting on the upper cables. These forces act along the line from the centroid to the fixed points where the cables are attached. Recall also that the center-of-mass of the EE is displaced (see Figure 10 ).
The equilibrium of the forces along the x and y axes is represented by Equations (3) and (4), respectively. When calculating the tension components and , the unity vector is assumed to extend from the centroids _ ⃗ and _ ⃗ to points A1 and A2, respectively, provided that neither B1 nor B2 reaches the maximum value β. If point B1 or B2 reaches β, they will be treated as fixed points. The unity vectors extending from points B1 or B2 are described as _ ⃗ and _ ⃗, respectively.
It must be noted that tensions and generate no momentum when their line of action passes through the centroid. However, the force exerted by the weight W generates a rotational momentum that depends on the orientation angle of the EE. Therefore, we have
The workspace of the robot (see Figure 16 ) is calculated using Equations (3), (4), and (7) through the analysis-by-intervals method. The tensions are restricted to Tmax at most, and the mobile anchor In this case, the system of equations describing the motion and rotational equilibrium must consider the forces acting on the upper cables. These forces act along the line from the centroid to the fixed points where the cables are attached. Recall also that the center-of-mass of the EE is displaced (see Figure 10 ).
The equilibrium of the forces along the x and y axes is represented by Equations (3) and (4), respectively. When calculating the tension components T B1 and T B2 , the unity vector is assumed to extend from the centroids − −−−− → u Om A1 and − −−−− → u Om A2 to points A1 and A2, respectively, provided that neither B1 nor B2 reaches the maximum value β. If point B1 or B2 reaches β, they will be treated as fixed points.
The unity vectors extending from points B1 or B2 are described as − −−−− → u B1 A1 and − −−−− → u B2 A2 , respectively. It must be noted that tensions T B1 and T B2 generate no momentum when their line of action passes through the centroid. However, the force exerted by the weight W generates a rotational momentum that depends on the orientation angle of the EE. Therefore, we have
The workspace of the robot (see Figure 16 ) is calculated using Equations (3), (4), and (7) through the analysis-by-intervals method. The tensions are restricted to Tmax at most, and the mobile anchor points are considered to slide along the entire periphery of the circular effector. It is important to note that the volume regenerated is larger in comparison to the previous case shown in Figure 9 . points are considered to slide along the entire periphery of the circular effector. It is important to note that the volume regenerated is larger in comparison to the previous case shown in Figure 9 . 
Case 3
Case 3 is a variant of the previous case. The sliding of the upper anchor points is not free but is restricted to the maximum value β (120 • ), as shown in Figure 8 . The workspace is shown in Figure 17 . It must be noted that, even though, in this case, the sliding angle was restricted, the volume regenerated is still larger in comparison to case 1 shown in Figure 9 that corresponds to the structure of a robot with fixed anchor points.
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Analysis of Results
In case 1, as the position of the robot in the workspace rises along the vertical axis, the reachable positive and negative rotation angles decrease, this is reflected on Figure 9 . Case 2 proposes a new configuration of the mobile structure, in which the upper anchor points of the EE can slide over the defined periphery of the novel mechanism. This configuration notably increases the workspace, especially the orientation workspace. The expanded workspace turns out to be the difference between the workspaces in Figures 9 and 16 , as shown in Figure 18 . anchor points are restricted to a symmetric guide through the angle β (120°) on the periphery of the effector.
In case 1, as the position of the robot in the workspace rises along the vertical axis, the reachable positive and negative rotation angles decrease, this is reflected on Figure 9 . Case 2 proposes a new configuration of the mobile structure, in which the upper anchor points of the EE can slide over the defined periphery of the novel mechanism. This configuration notably increases the workspace, especially the orientation workspace. The expanded workspace turns out to be the difference between the workspaces in Figures 9 and 16 , as shown in Figure 18 . Finally, in case 3, the sliding zone of the upper anchor points of the EE is restricted to angle β, which limits the workspace from that of case 2. Despite the limited sliding angle of the upper anchoring, the circular structure enables a more extensive workspace than the rectangular case 1. The expanded workspace turns out to be the difference between the workspaces in Figures 9 and 17 , as shown in Figure 19 . Finally, in case 3, the sliding zone of the upper anchor points of the EE is restricted to angle β, which limits the workspace from that of case 2. Despite the limited sliding angle of the upper anchoring, the circular structure enables a more extensive workspace than the rectangular case 1. The expanded workspace turns out to be the difference between the workspaces in Figures 9 and 17 , as shown in Figure 19 . anchor points are restricted to a symmetric guide through the angle β (120°) on the periphery of the effector.
In case 1, as the position of the robot in the workspace rises along the vertical axis, the reachable positive and negative rotation angles decrease, this is reflected on Figure 9 . Case 2 proposes a new configuration of the mobile structure, in which the upper anchor points of the EE can slide over the defined periphery of the novel mechanism. This configuration notably increases the workspace, especially the orientation workspace. The expanded workspace turns out to be the difference between the workspaces in Figures 9 and 16 , as shown in Figure 18 . Finally, in case 3, the sliding zone of the upper anchor points of the EE is restricted to angle β, which limits the workspace from that of case 2. Despite the limited sliding angle of the upper anchoring, the circular structure enables a more extensive workspace than the rectangular case 1. The expanded workspace turns out to be the difference between the workspaces in Figures 9 and 17 , as shown in Figure 19 . To exemplify this expansion, the sliding angle was halved to β = 60 • . The resulting workspace is shown in Figure 20 . Comparing Figure 20 with Figure 9 , the expansion of the former becomes evident (see Figure 21 ). Figure 19 . Expanded workspace in a passive reconfigurable planar CDPR with 3-DoF and limited angle β = 120° with respect to the workspace of the robot with fixed anchor points.
To exemplify this expansion, the sliding angle was halved to β = 60°. The resulting workspace is shown in Figure 20 . Comparing Figure 20 with Figure 9 , the expansion of the former becomes evident (see Figure 21 ). The results reflect that, if any of the upper sliding points reaches its limit, the robot acquires a new structure, equivalent to a robot with one or two fixed upper anchor points. Under these conditions, it also obtains additional rotation.
Discussion
The above results were validated by simulating the robot's mechanism in ADAMS software.
Planar CDPR with 3-DoF and a Rectangular EE
In the simulation, the tension in the cables was gradually increased, and the maximum angle through which the EE could turn without exceeding the established maximum force in the cables (in this case, 200 N) was determined. Because the aim was to check the orientation of the robot, the robot's position was fixed in the center of the workspace.
This simulation results are shown in Figure 22 , and the corresponding measurements are plotted in Figure 23 . The results reflect that, if any of the upper sliding points reaches its limit, the robot acquires a new structure, equivalent to a robot with one or two fixed upper anchor points. Under these conditions, it also obtains additional rotation.
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Discussion
Planar CDPR with 3-DoF and a Rectangular EE
This simulation results are shown in Figure 22 , and the corresponding measurements are plotted in Figure 23 . The angle of rotation reached by the robot without exceeding the maximum tension in the cables 200 N was 33.49° (Figure 23 ). These results agree with the analysis of Figure 9 , which was implemented in MATLAB R2015a and is reproduced in Figure 23b for a better comparison. That is, when the robot was fixed at the central position, the maximum orientation was limited to around 35°. The slight difference is attributed to other physical effects, such as the weight of the cables that ADAMS considers. The angle of rotation reached by the robot without exceeding the maximum tension in the cables 200 N was 33.49 • (Figure 23 ). These results agree with the analysis of Figure 9 , which was implemented in MATLAB R2015a and is reproduced in Figure 23b for a better comparison. That is, when the robot was fixed at the central position, the maximum orientation was limited to around 35 • . The slight difference is attributed to other physical effects, such as the weight of the cables that ADAMS considers.
The Planar Reconfigurable Passive CDPR with 3-DoF and an Effector with Circular Geometry
Again, this simulation increased the tension on the cables and determined the angle through which the EE could rotate without exceeding the maximum tension in the cables of 200 N. The robot was centralized in its workspace, and the sliding surface of the mobile points was restricted to 120 • .
The simulation results are shown in Figure 24 , and the corresponding measurements are plotted in Figure 25 . Again, this simulation increased the tension on the cables and determined the angle through which the EE could rotate without exceeding the maximum tension in the cables of 200 N. The robot was centralized in its workspace, and the sliding surface of the mobile points was restricted to 120°.
The simulation results are shown in Figure 24 , and the corresponding measurements are plotted in Figure 25 . which the EE could rotate without exceeding the maximum tension in the cables of 200 N. The robot was centralized in its workspace, and the sliding surface of the mobile points was restricted to 120°.
The simulation results are shown in Figure 24 , and the corresponding measurements are plotted in Figure 25 . The rotation angle reached by the robot without exceeding the maximum tension in the cables of 200 N was 89.9° (Figure 25 ). These results agree with the MATLAB analysis in Figure 16 , which is reproduced in Figure 25b for a better comparison. At the central position of the robot, the maximum orientation in the MATLAB analysis was around 80°, close to the value of 89.9° obtained in the ADAMS simulation and coincident with the ADAMS simulation. The rotation angle reached by the robot without exceeding the maximum tension in the cables of 200 N was 89.9 • (Figure 25 ). These results agree with the MATLAB analysis in Figure 16 , which is reproduced in Figure 25b for a better comparison. At the central position of the robot, the maximum orientation in the MATLAB analysis was around 80 • , close to the value of 89.9 • obtained in the ADAMS simulation and coincident with the ADAMS simulation.
Real Experimental Test of the Passive Reconfigurable Planar CDPR with 3-DoF and the EE with a Circular Geometry
The real experimental test was developed in order to demonstrate the maximum rotation angles. Due to the low characteristics of the prototype materials, the proportional forces that are used are smaller than what was treated in the investigation. In the experiment it was considered a weight, W (suspended mass of 1 kg) that was applied to the center of the mass (Cm). B3 is the anchor point, the indirect force F (suspended mass of 4 kg) was developed. The robot was centralized in its workspace position again, and the sliding surface of the mobile points had a physical restricted of 120 • .
The results in Figure 26 show that the EE can rotate with a maximum angle of approximately 85 • . The experiment assumes that the anchor point B1 can freely slide around the periphery of the two cavities, without considering the mechanical reinforcement division that this prototype incorporates. 
Conclusions
The volume representing the workspaces of positive and negative orientations are not symmetrical. Knowing this behavior helps in delimiting the action of the cable control system that can accommodate the robot, that is, the elongation or withdrawal of the cables, as well as the tension forces, can be restricted as required.
Having identified the workspace, future studies could focus on generating optimal trajectories and decreasing the cable vibration by smoothing the movement and orientation trajectories of the robot.
Using the proposed effector with a circular geometry, a model of sliding anchor points can be implemented, giving the robot characteristics of passive reconfiguration, as demonstrated in the present case study. This proposal allows a significantly greater workspace than a robot with the conventional structure, in which the EE has fixed anchor points and a rectangular geometry. In the conventional configuration, the automatic mobility mechanism of the anchor points is not easily adapted.
It was noted that, when either of the upper sliding points reaches its limit, the robot acquires a new structure, equivalent to a robot with one or two fixed upper anchor points at a certain orientation angle. Under these conditions, the orientation space can be increased, provided that the forces in the cables do not exceed their specified maximum.
After validating the results in ADAMS software and real experimentation, it was concluded that the present work contributes to the study of CDPR, presenting a novel passive configuration for the Figure 26 . Rotation angle experiment of the passive reconfigurable planar CDPR with 3-DoF and the EE with a circular geometry; it is possible to see the force of point B3 in the right side of the photo.
After validating the results in ADAMS software and real experimentation, it was concluded that the present work contributes to the study of CDPR, presenting a novel passive configuration for the EE which allowed a greater rotation range.
